• This is the first national study on reference levels for prostate-specific antigen (PSA) among men in the Saudi Arabian population. Our study raises the question of whether lowering the cutoff for PSA levels may improve the detection of prostate cancer in Saudi men as the disease has such a low incidence in this population.
Introduction
The prostate-specific antigen (PSA) is the most widely used tumor marker for prostate cancer. An early feature of this disease is an invasion of the basal cell layer, causing a direct increase in PSA levels. PSA may increase in healthy men without being related to prostate cancer, such as in prostatic hyperplasia, where the levels increase as a result of the gradual enlargement of the prostate due to age [1] . PSA serum levels vary in different areas of the world; Asian men have lower levels [2, 3] , while men of European descent and African Americans have higher levels [4, 5] . The currently used cutoff of 4.0 ng/ mL underestimates the risk of cancer in younger men and may lead to unnecessary biopsies in older men [6] . Investigating the characteristics of serum PSA levels in various populations could be of great support for clinicians, as it would help guide prostate cancer screening practices and assess the response to therapy and tumor progression [7, 8] . The Arab world should have its own reference ranges because of the influence of environmental and genetic differences. The objective of the current study was to describe the age-specific reference ranges of PSA in Saudi men and to assess the factors that could influence the levels of this antigen in the Arab region.
Materials and Methods

Subjects
The current cross-section study was conducted at the King Saud University Medical City between December 2014 and July 2016. Riyadh, the capital of Saudi Arabia, provides free services to all Saudi citizens living there and in all neighboring cities, where all Saudi citizens are covered by medical insurance. Our cohort comprised Saudi males, aged 30 years and older, who were transferred from the outpatient primary care clinics for any reason to draw blood at the laboratory services and those that came for a blood donation. They were invited to participate in the study, and objectives and rationale were explained to them. Those who agreed to participate provided signed informed consent.
Each participant filled a short questionnaire including data about their current and past health status, smoking history, prostatic diseases, and the reason for blood withdrawal. For each patient, blood sugar levels and lipid profile were retrieved from the records and anthropometric measurements obtained.
An additional 4 mL of blood were withdrawn from each subject for PSA analysis. The sera were isolated, spun at 2,000 g, and stored at -20ºC until analyzed. Total PSA levels were measured with the total PSA kit using the Biomérieux Vidas PC Automated Immunoassay Analyzer, BioMérieux, France.
Exclusion Criteria
Any participant with past or present history of prostate cancer or any condition that might affect PSA levels, i.e., prostatitis, urinary tract infection, chronic retention, or coagulopathies, was excluded from the study. Such conditions were ascertained from records and the patients' medical history.
Any subject with high serum PSA (> 4 ng/mL) was contacted for PSA retesting and confirmation of the result. Those with confirmed high PSA levels were referred to the urology clinic for reassessment, then subjected to magnetic resonance imaging and managed accordingly.
The fieldwork was conducted after approval from the ethics committee of the Faculty of Medicine, King Saud University, approval No. 10/2597/IRB. 
Data Analysis
Simple descriptive statistics for serum PSA levels were computed for age by decades, including median and percentiles. Pearson correlation and regression analysis were performed to calculate the r value, assess the association between age and PSA levels, and describe the most significant factors that could influence serum PSA distribution in the Saudi population. p < 0.05 was considered significant.
Results
In all, 8,330 men were interviewed during the period of the study, 516 were excluded (102 had high PSA levels but were lost to follow-up, 20 had high PSA levels and were diagnosed with prostate cancer, 22 were over 90 years old and refused to participate in the study, 372 had conditions that might affect their PSA levels, i.e., benign prostate hyperplasia with complications, prostatitis, urinary tract infection, and history of prostate cancer). Our final cohort included 7,814 men, ranging from 30 to 90 years old (mean of 54.69 + 13.17). They were assigned to one of five categories, 30-40 years, 41-50 years, 51-60 years, 61-70 years, and 71 years and above. The mean PSA level was 1.24 ng/mL. PSA levels were significantly correlated with age and body mass index (BMI) (r = 0.26 and 0.05, and p = 0.00 and 0.003, respectively). The correlation with cholesterol was not significant; that with the blood sugar level was borderline significant (p = 0.05). Most men (90.5%) had PSA values ranging from 0 to 2.5 ng/mL; only 3.2% had PSA levels above 4 ng/mL ( Table 1) .
The mean, median, and 95th percentile of PSA levels among different age groups are depicted in Table 2 . The median increased with age until it reached 1.26 ng/mL in the older age group (over 71 years). The upper normal level (95th percentile) of PSA increased gradually with age. There was a sharp increase from 3.8 ng/mL in men aged 60-70 years to 6.9 ng/mL among men over 71 years old. Table 3 shows the results of multiple regressions, where factors that might affect PSA levels were used to build the regression models. The stepwise method was used to eliminate nonsignificant variables. Age, BMI, and blood sugar levels, in that order, were the most significant independent factors that might influence PSA levels among our cohort.
Compared to other populations, the 95th percentiles of PSA serum levels were the lowest amongst the Saudi and Korean populations, followed by Chinese, Asian Americans, and White Americans. The highest levels were detected amongst the African American and Turkish populations (Table 4) .
Discussion
PSA is a useful clinical tool for detecting early prostate cancer and monitoring treatment response. It is necessary to establish normal reference values for serum PSA distribution in different populations in general and in Saudi and Arab populations specifically, to improve the detection rate of prostate cancer in younger men and reduce the number of negative biopsies in older men.
The incidence of prostate cancer in Saudi Arabia is very low in comparison with the USA and some European countries, yet several cases were detected before the age of 50. In a recent study, Arafa et al. [9] argued against mass screening among the Saudi population; yet, men should start PSA blood testing and follow-up before the age of 50, through a shared decision-making process with their physicians as recently recommended by the United States Preventive S Task Force.
The current study revealed an association between serum PSA levels and age, BMI, and blood sugar levels as significant determinants in the Saudi population. The median and the 95th percentile of serum PSA levels increased steadily among the age groups. The sharp increase in the 95th percentile from 3.8 ng/mL in the age group 60-70 years old to 6.9 ng/mL in the age group over 71 years old might be explained by the high number of men who develop benign hyperplasia of the prostate at these ages, which in turn increases their PSA levels. This result confirms earlier reports indicating that PSA levels are age-dependent and correlate directly with age [10] [11] [12] [13] [14] [15] . However, no significant correlation was found between serum PSA levels and age in a Turkish study [16] , while Prcic et al. [17] reported that the correlation between percent free PSA levels and age was positive but not statistically significant, indicating a slight increase in percent free PSA levels with age. Previous reports indicated an inverse association between PSA levels and diabetes [18, 19] , where studies suggested an association between type 2 diabetes mellitus and a lower risk of prostate cancer. It has been hypothesized that men with long-term diabetes have a lower risk of prostate cancer than nondiabetic men [20, 21] . The results of Werney et al. [22] have revealed that the predicted geometric mean PSA value was lower in the diabetic group than in the nondiabetic group (p < 0.001) and was lowest in men who had been diagnosed with diabetes more than 10 years previously. Diabetic men taking medication to control blood glucose levels had lower PSA levels than nondiabetic men [22] . Diabetic men have lower androgen levels than nondiabetic men, and this may partially explain their lower PSA levels [23] . In addition, diabetes might alter PSA values through impaired kidney function or as a consequence of antidiabetes medication use [24] .
Regarding the correlation between PSA levels and obesity, the findings from different studies were inconsistent, probably because the values changed according to population characteristics [25] . Based on the results of Oh et al. [26] where patients with higher BMIs had lower PSA levels than those with lower BMIs, it can therefore be advised that the PSA threshold should be lower in obese men to distinguish between prostate cancer and benign conditions in the clinical situation.
The current study revealed lower levels of serum PSA (median, 95th percentile) among Saudi men in comparison with other populations such as Nigerian [14] , Turkish [16] , African American [12] , and white American men [11] . The 95th percentile of Saudi men was very similar to that of Korean men [13] . Even within the same ethnic group, the PSA serum levels might differ; they are higher in Asian American men than in Chinese and Korean men. This could be attributed to food components that increase or decrease the risk of prostate cancer, including fats, vitamin A and its precursors, vitamin D metabolites, and plant estrogens [27] .
Arab men have lower PSA levels and prostate volumes than Caucasians and slightly lower levels than Japanese men [15] . The 95th percentile and total values of Syrian men ranged from 1.7 ng/mL in the age group of 40-49 years to 5.8 ng/mL in the group of 70-80 years [28] . Similar figures were reported for Sudan [29] .
The formulation of age-specific PSA reference ranges represents an attempt to improve the sensitivity and specificity of serum PSA tests by considering age-based PSA changes. Liu et al. [30] proposed that age-specific PSA cutoffs would increase cancer detection (higher sensitivity) in younger men. Simultaneously, they could reduce the number of negative biopsies (higher specificity) in older men.
Conclusion
The present study confirms earlier reports showing that serum PSA levels are age-and ethnicity-dependent. PSA serum levels in Saudi men are lower than in other communities, and they only increased in the older age group (above 70 years). Considering the diagnosis of prostate cancer in late metastatic stages as reported from the earliest screening trial conducted in Saudi Arabia, age-specific reference ranges could improve the sensitivity of PSA tests by spotting treatable organ-confined tumors in younger men if the threshold of 4.0 ng/mL is lowered. Age-specific reference ranges could also increase the specificity of the PSA test by avoiding unnecessary biopsies if the threshold is increased for older men. Our findings raise the question of whether lowering the PSA cutoff may improve the detection of cancer in Saudi men as they have a low rate of prostate cancer. Further investigations on larger populations in different Arab countries are needed.
A limitation of this study is that it was exposed to some biases as it was a hospital-based study. Some factors that might influence PSA levels such as cycling and sexual intercourse were not revealed by the men who participated in the study. Furthermore, prostate volume, free/total PSA ratio, and PSA density were not measured.
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